Abstract -Recently, unattached viable stem fragments of the invasive macrophyte Cabomba caroliniana Gray were found at several locations in two canals in northern Belgium. A subsequent survey of the canal Zuid-Willemsvaart revealed one site with rooted plants and the presence of floating stem fragments along the entire length of the canal (25 km). These findings indicate that C. caroliniana is already well established in the Zuid-Willemsvaart and probably considerably more widespread than previous records from isolated lentic water bodies indicate. We have summarised the new records and discuss the potential spread and risks associated with further establishment and spread of C. caroliniana in Belgium.
Cabomba caroliniana Gray is a submerged aquatic plant with a native range from northeast Argentina to the southern and eastern USA (Ørgaard, 1991) . The species enjoys longstanding popularity for aquarium culture but behaves invasively in several European, Asian, as well as in parts of the USA, Canada and Oceania (Ørgaard, 1991; ISSG, 2005; EPPO, 2007; Brundu, 2015) . As a consequence, C. caroliniana was included on the list of species of EU Concern sensu Regulation (EU) 1143/2014 on the prevention of the introduction and spread of Invasive Alien Species (European Union, 2014) . Hence, the species is subject to a ban on trade and possession, and member states are required to actively tackle its pathways of introduction and implement rapid removal or population management. In Europe, C. caroliniana is easily recognizable by the petiolated, finely dissected fan-shaped submersed leaves, placed oppositely in pairs with partitions in a single plane. Native species with similar fan-shaped leaves, such as certain Ranunculus or Myriophyllum species, have differently arranged submersed leaves. Any confusion is further rendered unlikely in case its typical triangular floating leaves or white flowers develop, a developmental stage rarely reached in European populations.
In Belgium, C. caroliniana was reported only twice, so far, and only from hydrologically isolated, stagnant water sites of limited size where it was probably introduced from aquarium culture. The first record (Denys et al., 2000 (Denys et al., , 2003 Verloove, 2002) was in an derelict fishpond near Holsbeek, Province Vlaams-Brabant, where a stable population occurred from 1998 up to 2006 when it disappeared following restocking with fish and development of turbid conditions (Scheers et al., 2016) . A second occurrence was noted in 2013 near SintPauwels, province Oost-Vlaanderen. Here, C. caroliniana was the dominant hydrophyte in a ditch amidst a residential area (Scheers et al., 2016) . Considerable effort was made to eradicate the species at this site, including drawdown and mechanical removal in the summer of 2018 followed by manual removal of remaining fragments and new shoots, at a total expense of 40 k€. Nevertheless, vigorous regrowth occurred and further measures are currently underway to eradicate Cabomba completely at this site (personal communication Koen Van Roeyen, 2018) .
In June 2017, two rather small but viable fragments of C. caroliniana were found floating along the bank of the canal Dessel-Turnhout-Schoten near Sint-Lenaarts (province of Antwerp). In August 2018, several fresh stem fragments were also observed in the canal Zuid-Willemsvaart near Neeroeteren (province of Limburg). A subsequent survey in August 2018 along the Zuid-Willemsvaart revealed a single site at Uikhoven where rooting plants frequently occurred over ca. 60 m 2 . Fragments of several plant species accumulated together with organic and inorganic debris in a sheltered bend of the canal. It is easily envisaged how stem or rhizome fragments of C. caroliniana originating from upstream, could take root at this location. Numerous fanwort fragments were floating at the edge of the debris mass and subject to transport by wash from boats and water currents (Fig. 1) . Additionally, unattached viable stem fragments were observed along the entire surveyed length of the canal between Neerharen and Bree, a distance of 25 km (Fig. 2) . The fragments found in the canal DesselTurnhout-Schoten, as well as in the Zuid-Willemsvaart were all viable, ranging in length from 8 to 125 cm. All were sterile but several exposed roots enabling them to swiftly colonize new sites.
Studied material: Sint-Lenaarts, Antwerpen, Kanaal Bochelt-Turnhout-Schoten (N 51°20'16.8"; E 4°39'36"), 30. VI.2017, two loose fragments, leg. I. Jacobs; Neeroeteren, Limburg, Zuid-Willemsvaart (N 51°04'11.7"; E 5°41'52.4"), 06. VIII.2018, several loose fragments, leg. K. Scheers; Neeroeteren, Limburg, Zuid-Willemsvaart (N 51°04'8.5"; E 5°41'52.1"), 06.VIII.2018, several loose fragments, leg. K. Scheers; Uikhoven, Limburg, Zuid-Willemsvaart (N 50°55'3.7"; E 5°42'13.2"), 10.VIII.2018, several rooted plants and numerous loose fragments, leg. K. Scheers; Mechelen-Aan-De-Maas, Limburg, Zuid-Willemsvaart (N 50°57'27.5"; E 5°42'32.3"), 10. VIII.2018, one loose fragment, leg. K. Scheers; Eisden, Limburg, Zuid-Willemsvaart (N 51°00'2.2"; E 5°42'37"), 10. VIII.2018, several loose fragments, leg. K. Scheers; Bree, Limburg, Zuid-Willemsvaart (N 51°07'52.6"; E 5°38'26.1"), 10.
VIII.2018, several loose fragments, leg. K. Scheers; Uikhoven, Limburg, Zuid-Willemsvaart (N 50°55'3.7"; E 5°42'13.2"), 09. IX.2018, several rooted plants and numerous loose fragments, leg. V. Smeekens; Neeroeteren, Limburg, Zuid-Willemsvaart (N 51°05'21.9"; E 5°41'40.4"), 10.IX.2018, one loose fragment, leg. K. Scheers; Uikhoven, Limburg, Zuid-Willemsvaart (N 50°55'3.7"; E 5°42'13.2"), 09.X.2018, several rooted plants and numerous loose fragments, leg. K. Scheers.
Considering the widespread and locally problematic occurrence of C. caroliniana in The Netherlands (Matthews et al., 2013) , the small number of records in Belgium À only two sites in almost 15 years -up to the last few years is striking. Based on the isolated character of these colonies, one of which disappeared without targeted control measures, the more scattered occurrence of potential habitat and the generally much lower hydrological connectivity of water bodies compared to The Netherlands, Scheers et al. (2016) considered the risk of C. caroliniana becoming widespread in Belgium as rather low. This was prior to any observations in waterways, however, and only considered punctual, unrelated introductions. Introduction and establishment of the species in the canal network crossing northern Belgium is a game changer. Although separate introductions in both canals cannot be excluded, it is more likely that the spread of these loose fragments was enabled by sluicing and wash from commercial shipping and recreational boating.
The finds in the canal Dessel-Schoten and the ZuidWillemsvaart come quite unexpected. The aquatic vegetation of the Dessel-Schoten canal was surveyed in 2007, in search of Myriophyllum heterophyllum Michaux, without any record of C. caroliniana (De Beer and De Vlaeminck, 2008) . We assume the species arrived here later. Except one, all records in the Zuid-Willemsvaart, as well as that in the canal Dessel-Turnhout-Schoten, concerned loose plant fragments. The site of Uikhoven is at c. 26 km from the most upstream observation in the same canal. Both canals are connected by the canal Bochelt-Herentals, but the most proximate observations in both are still c. 86 km apart or even 112 km, if only Uikhoven is considered. Although fanwort can survive free-floating for six to eight weeks (Australian Department of the Environment and Heritage, 2003) , it seems likely that there must be more than one rooting population involved to explain the almost simultaneous occurrence of fragments at all sites. C. caroliniana spreads by means of rhizome or stem fragments that root easily (Mikulyuk and Nault, 2015) and we suspect the presence of multiple established populations, at least in the Zuid-Willemsvaart canal and possibly also in the canals of Dessel-Schoten and Bocholt-Herentals. Due to the size of these canals and the limited accessibility of parts where submerged vegetation may develop, in particular fanwort which may grow up to several metre deep and in turbid water, these will be difficult to detect. A more targeted survey of the Zuid-Willemsvaart and other canals, as well as of lentic water bodies receiving water from them, is definitely required to document the precise distribution of C. carolinana in Belgium. We estimate that at least 387 km of connected waterways and 755 ha of gravel and sand pits could provide potential habitat for the species (Fig. 2) . Some of the latter are partly included in special conservation areas or could provide easy access to areas of high conservation value for aquatic biodiversity. The river Meuse and several sand and gravel pits connected to these canals accommodate the Natura 2000 habitat types 3130, 3150 or 3260 as defined in the Habitats Directive.
The question remains how fanwort entered the Belgian canal network. Whilst previous introductions can be attributed to dumped aquarium plants, the most likely explanation in this case seems colonization of the Zuid-Willemsvaart by stem fragments from the river Meuse, from which it receives its water, and subsequent spread to the canal Dessel-Turnhout-Schoten. C. caroliana is known to occur in the Border Meuse since 1986 (van Valkenburg and Rotteveel, 2010) and floating fragments have been found along the Dutch bank, upstream as well as downstream of its connection to the Zuid-Willemsvaart (De Vries, 2018) . Surveys in the Belgian part of the Border Meuse, however, never revealed C. caroliniana. Whether C. caroliniana also occurs further upstream in the Meuse, in the Walloon region or, perhaps, even in France, remains unknown.
C. caroliniana is included in the Union List of Regulation (EU) 1143/2014, therefore the feasibility of eradicating the newly discovered population needs to be evaluated based on the currently available methods, their effectiveness, costs and other risk management considerations (Booy et al., 2017) .
Because C. caroliniana has now entered navigable waterways of considerable size and economic importance, its complete eradication in lower Belgium seems to have become very unlikely. None of the more efficient and commonly used eradication methods for invasive macrophytes (Drolet et al., 2014) or C. caroliniana in particular (Scheers et al., 2016; Hussner et al., 2017) appear suited for these conditions. A dedicated survey for C. caroliniana, including less easily accessible parts and areas adjacent to the canal, is necessary to guide any decision on managing this invasive species and to evaluate options for limiting its spread or mitigating associated risk or impact.
